UNCLASSIFIED 


AD NUMBER 
NEW LIMITATION CHANGE 
TO 


Approved for public release, distribution 
unlimited 


FROM 
Distribution authorized to U.S. Gov’t. 
agencies only; Administrative/Operational 
Use; 10 AUG 1970. Other requests shall be 
referred to Federal Aviation 
Administration, Washington, DC. 


AUTHORITY 


FAA ltr, 6 May 1973 


THIS PAGE IS UNCLASSIFIED 


os 


Fei iv 


ADQO 6467 


i g ent eet emen y 


re 
t 


PNT 


pron vUr f 


ieee 


DISTRIBUTION LIMITED TO U.S, GOVERNMENT AGENCIES ONLY, 
OTHER REQUESTS FOR THIS DOCUMENT MUST BE REFERRED TO 


COMMERC IRPLANE GRP THE BORING COMPANY, PROPRIETARY INFO, 
OQ 
oe 


OS 
sen ie 1) 
ep re. oe MW | 
Do - Oo» t 
ry baiji eb ie, Lea a | 
‘+ te {e) D aie 
b/g oe Yoo, ea 
Paice y 708 
Q 
oey 
aigG 
ack pee 


Whity Sectlon Cy 
og tut Schon 
VHK CUNGED 

duSTiFica ON. 


ae 
xe ‘ 
Se. ys 
a 


t t 
BY 

} GISTHISUTIS VAYAMA ELIT COZES 

(  Blsi. eM pie av wnt oi GAL 


Best Avaitabie Copy 


THE BOEIMG COMPANY ~ 
COMMERCIAL AIRPLANE GROUP D C 


CONTRACT HUMBER 


en 


a ‘iitists 
ean saan 


MudEeL _2707-300- 


5 SEAS bpd sesergetan se + 


ISSUE Oia a Fy Ce astra ea ees CY : Fi 


Bt 

i - "This data may contain sehsitive information reiuting to the 
United States Supersanic Transport Develonmerit Program and is 
not to be reproduced or released outside cf your oraanization 
without the prior written pernnission of The Boeing Company, 
Supersonic Transport Division, Attention: Contracts Henartment." 


DISTRIBUTION LIMITED TO U.8. ®OVERNMENT AGENCIES ONLY. ion 
OTHER REQUESTS FOR THIS DOCUMENT MUST BE REFERRED TO " 


COMMERCIAL AIMPLANE GRP, THE BORING COMPANY. 
DWE. Lb dad, 
P on oy f. 


ly 


PREPAREG by 


SUPERVISED BY 


eee ~ ? - oy 
Se Gaal 
a ? ; Par ote 
APPROVEU BY zm” ibd Y aa ef ng ae es ee 


A. He Eler dge. * 


APPROVED Sy 


4PPROVED BY 


ee 


CONT TROLL Ine ORG Bt ec eats cea aa fe 


REV SYM ah aes [ xo. arid Boy 
- 3YO LES ree Pe aoe. S 


rE an eae. ee ee ee 


WAS A323 


“M3 QWNN 
39vd 


WAS Aad 


ADDED PAGES) 


ge& Chaat UNO P=) Ov 


“PAGES 


CO x ‘ UN 
UPS UNE EN UN TN AOS ASSKSES SO 


% 
., 
a 
wh 
"¥ la 
1 ae ' 
4 S aes ores ‘ct omcnmeesiccedal sSenbheciince! ee ca incon name rec earesan nies caer pl amen 
i ¢ 
3 ‘ cS an) 
f i ‘ 
Ky a meet Se | mae eee ee Fon ee ten 8 ee ee sf serene Sa 
fi ‘> Ce a eee pacaretcamacronseeen toes ta oe = pp are arynrecneys 
a ; 
Le, 
ee 4 ‘ 
i}. & 4 ae ersnen terwernanpe einer errno reeenannenatt jannenneny noted foes ann Sr ee renner e met nt see En nee ee Ae = eens msntys Sn He na Ns 
Ls D ° 
u. Tow 
; Reet 
rn fe he 
iS Pat, 
+E gems ’ 1 
y ‘ 
yh ie) ( 
og ee  cnmareamanuneer iremasmrnensenes| wwvesenremtrs +srummatman} arveneaneneaemnneerrumat | Vetere pmtamsei aranammcownec as memannrwanane} part toanraseewnentis rt ba \tnemactarenetienn matmet ie Sinnstne it tmemirantnt Hing Mrirmemananinnacmene) lA Ne on 
| HR 5 
y iy f 
ee a Nt, " ‘ 
VG ye apvcernnmmene errant ons oeratmnanemnaren: os a pemenetvonere ere ae ere oo sen pememamn | ramen APO 80 ths 
ak a tt 
iy a 
“tS 
4 ‘ 
pm peer manera reannspeaeran npn ¢wnirtenatctt aeueeeat miners prtmaadsrentrenn¢s smh an terranes ares nnencnnerenetaenetnin areca ite eee aie tenn san inten ns re pestsenserenerer eee har ean lpi pt me ef ee ei | 
A RR EE RS RR PUR YR Yet ot mt ne ene ft ONIN Hm oe me I A pene a ary en ene ee ee 
4 t 
¢ 
. ‘ 
anne ot wraneremenaetent! i Neate oe pA S my eeenansl Ronee taer stm re (0 Ret Smaart arn! Yea ONE, be Nn RES Ta a Aemeermanmmenng aeromares % # by Yamin Yat 


eee etts 


nN Co CNet WANA O- OD CEO ct OY M.S UN MOA 
aaa way Si AB on Fat SBI INTEOER FSA 


mh, nd 


oS 


Nae nna a 


toad 


: q 
A % et Mt ON 
Fea ghia Oe ee era 


va SY 
ere et Ae LOE PN NE At CO LS OTT TO CAA LAE ESS OE SOE Ey I OE! OTE Genes NOTES SOE a 


diced foes 2170 2 nemeemeprate ce rye Stbeenamanynereianry’ 
7 ‘; 


t iS 
og PM ‘ ' : fot 
eh bi _ Se 
s 


wavs. cae 


‘ rae mee “ 5 an a , 
aera + rs = se . bay a y 

oA MEROA EME Gu AL a herds pt os, vette allan’ Ra oes ice * pte nr oF 

PURI mrrrst ere neers er a NPRM: sow, 33 


3 
hb 


NG, 16A11786- 
2. 


BORING 


REVISIONS 


oa DESCRIPTION ___—=—=S=~S~S~S~S*~éwr te | nemo 


ad rs08e C 


| 
) | 
| | 


REV SYM MOGI |W. TWALLTA6-5 > 


PACE = ®, 


ABSTRACT 


& 


This doc.ment presents the results of a parametric engine cycle study 
f 4 


which evaluates the effect of engine cycle on noise and performance 


4 
of the Production SST. ‘The engine cycles considered are duct burning 
turbofans, dry turbojets, and afterburning turbojets. 

| 
| 


o 

KEY WORD LIST l 
} 

| 


Parametric 
Engine 


Cycle 


Performance 


{ 
{ 
| 
Noise | 
| 
Produetion 
| 
i 
i] 


ee meh Rea it) soe wwe Dene) alc eee Se I dE ee AA a oh emma Semin) - evento te ey 7 


OM MOEING \0. DKEALLT = > + 
PAGE 4 


@. 


mie st cael tt ett ie nt SAE Ta 
5 ; 7 eee 
4 nt : 
a 2 


AD 83466 6 


eT CO 


Ae RO RRS A SERRA RRA: SRE NN OY er 
4 


REY SYM 


1.90 


3.0 


Appendix 1 
Appendix 2 


Appendix 3 


Appendix 4 


Appendix 5 


TABIE OF CONTENTS 


SUMMARY 

LIST OF FIGURES © 
REFERENCES 
NOMENCLATURE ‘ 
INTRODUCTION 


STUDY GROUND RULES 


Oo OH 


SELECTION OF AFTERBURNING TURBOJET CYCLE 19 
SELECTION OF DRY TURBOJET. CYCLE —~ 22 
SELECTION OF DUC'TBURNING SURBOFAN CYCLE . 27 
CYCLE COMPARISON £  “CLUSIONS 40 


DEPATLED MISSION COMPARISONS 46 
APPROXIMATION TO G.E. TURBOFAN 32 
HIGH BYPASS RATIO, LOW FAN RATIO AFTERBUPNZNG 5h 
TURBOVANS 


POD DRAG COMPARISON 


ENGIME PATAMETER COMPARISON 


61 
6% 


a nee er ere a em 


BOEING \ vo. DSALLTSO-5 
PAGE cy 


a 
By 
@ 
& 


eA SA tet ele 


Repeernn 


« , ’ 
_—— Dae mene Hn ce AE NEE EET ERE EO YO ELE ROE EE UE OP EE ONE RS TE RS SEES A CARES OT ROG EE EY RRS ROE ARTES RETIRE RAIL i OE RTE DON RRO TEES A TERE LENNY Here? mare: 
a 


as 
Mors) 


re 


20 Durrase oF 


pararetors on alrport Rolee mak airplane © 


Voetner 2a chance in enpine 


ve vonsiuercd for the pro 


“ rerioar of five vocurents prepared for tris etuay. The other 
ey -4 98) og. ye ‘* 
UUM UG mares 
! 5 fier ove te 1 os; ' : 
whLL oiaebke Iu Paranctric Unieiae Vibrary « lesivn 
. . a 
: he * sane , ‘ trek * $y, : oe Layee § 
ALL Rte, O°? Paranetrie Ssecine “dorary - Inctallod sneine 
VUPTORSAACE 
bi vite? UD Param terie Errine [dorary - Acoustics 
“db pet OUP Parametrioc Envide Olinddes - Glefentes Anaivrin 
s 
es ipeoevejes that have oeen conelacred ineluce celected chiet 
: vertigo toro Saga, ary tarcoiets oii afterburnineg turvaleus, LOL) 
r « a fae . 4 
‘ Le a8 geet or ee eA Ae i Ae ae et Ley ee lar Onl) wares Lar 
ees b= TRE. COT EE Gt A Fie 8 C2715 ames Pak om A Wea OM URE eras OO te aS ee 
‘ ee . ; ; bet a, ide 3 as 
eyrcien entgsy sie owner onsed on tha “potential Procuetiog Technalect/ 
i t 
Bie Cee ie Ses LOC LUECL. Sh A tae ed eontinig) REPO EO Ue 
, i 
i 7 ; e * on. if 
in Re PSs Or Rerun ner. neruclared, prop tion, torether wits 
' x 
Pee ae POCO, SPEC le “oi ee arn ae fo Se Litt ae 
: We. CeO TOY CAN ON LO Cxel® cone Psten Se OE th re eo a reef 
t 
i rotce oo eetive of Tlooo ich at Loo vs, and a comiundty nobeon on rete 
o 9-2 , 8 e re , or 
2 beet fal ape them, Oo, We Lit. Puub poedse value cin orl borirdty 
’ 
‘ores teense down che bert taat e@oull be nebdeve ous tue cee rat 
ar a re . eM ees t 
Seetple Coronas Crom terete on a ob: Ayo mooregecor, or ak Sot 
mrcoger eA of ueinsg mo cinple oe "flo elute sannrencar to, cre tue 
Soyer aareetbye or tle ,o Cheap wag aleo evadunted an ere enoire, 
4 
: 
wie ue 


Best Available Copy 


ay bed 


thic studgy vas to ev 


ayehe fron an after burning 


ti 


’ 


luute the effect of c 


nye 


ony 


on S02, This document da the 


fne eyele 


performance Lo écterm 


04 %, é 
. turpoces 


me 


rnewie 


fivth of 


Phe Mae 


rose and 


commun (i nO 


e 


ise Gores 


. v 49g: eo 48 
Brow fi, AR wes. 
4, y ° “340 
2G OUST? — BOO MA. 
A re wer tere 
: SAG oy. Te LEG 
pees 
fn eye , 4 " 
i ery pr ine aitieiane 
" . ™ ce ° ‘ Se rs “yf 
arn e808 Re Po UMppres sor 2 LO 2 4nd HPS) ba WG 
o ‘ . ¢ o 
“ry SurooieL:  Unsunpresseu = ~-- 
“ raed 
Suppressor ares) - 
Soe! pure dine insuppressead “2 wwe 
LOMO LMA 
’ * 
“sogsreesror me BIS wth 
“ ’ ‘4 ‘ 
She tooove outa chow ono. one dry turbetet wlth aoe PNdb suppressor 
. . ¥ : y 4 + 
wiblooctive tha bect prance weantne sussonie tees are consiucred in the 
. ee ft H 4 o 4 * "bogs 
(iprion, Uowever, Ghese results indleate that the current after. 
3 . : : 2 ’ eA ‘ ' re rs gel yr, 5 1 er. Pa itive “ot © be 
Than are ye Vrearse rv was! A Ob. Cuore cay +P Sel © 00h aR oan ROY Ord A 
4 is ’ 
: . : $ an eo ng 
“heer, cgurboves ang with une duet ourninqe: turvofan for a afieline 
a 
: a Cienes 4 Ro gepe ‘ bey by tL Gy a tbigees adt ion ] ota, regeee dirs ters are eo 
he ee OT ee ces tere | oy PL “ , ve SD SITET Peet ets | ar en Ones ke ae 
bi to apeayet 
‘ 
‘ 
’ . - a : ‘ 7 
‘ Doeeoun cy wag mnie for the dnereasad complexity of control for the 
! . 
Torcovan er ines or tne doyree of rics of Chere new enrinen whan corm. 


1 tO nn ai pends operentin’: on 


rihernore, 


o 


Nar, 


pete Ee he atop re es er ee seed ha crete caret ia met rein sane Yt Labi yey 
, 
phe POSE REET he ee Tne tak eat 2 Fe ti tikes 
ce nero po nat tee nooave coneturban @oghe there Cor even bower cdo ee 
ibe negre te vel ronrtrnipee et may bos boob Ceurrent LAS 8 fer new 
bad . . se » 
ei PORE SEALS TE Otte 3 Te Re Me CER) “Ge tg ay enol 
Poesonn ies te Gnebuot stocline neatae jevels down ta tor fia, 
ss aden st Salt ae ci args Conse Sons Seal i ae 
« 
Best Available Copy - ais 


oe os A area nn ee me: 


nh more F 


cay 


3 


* 


upen clLan.war: 


* 
& 


eal 


nae pee 


¥ 


” 
a 


e comparise 


> 


ew Ys 


ae 
ae 


ec 
Sea 


j 


udy oGsk. ran; 


oo ective is Par 


eo 


Ohana A oe etdmmmnel ee temo O81 mmReme me nom tomer Hee 
r 


Trance 


Cee 


nes may have . 


Onl 


e yt 
ssewm that some fan 


save 


? 
. 


wie 


Pr 
@ 


ty 


awe 


why 


enie 
wreew 


Wad 


weit 


t 


ournine 


4 


MA £83 


PECOTWRA sor 
mi 


rotor 


ane 


Itt > 
1 
be thy 
F Roh gts oe 
A ere em Ee mE EUR REY HEE OST eh ha Hs OMegnb wenn p paee edad ae di acid ou Saad fb apeoonen dedpaen aol Gobuc deep cane 
“o t : - sy 
oe Pe pO Ei : / » bas 


bh 


Se me ten - 


An Eee oe OR ee eae ae en Ee ee 


NNR ne re ee re we es 


she ome me te 


SEY SYR 


rh MISS St 


te 


® 


by 
3 
x 
2 
Ww 
Le 


. ees . vee ry fg . 2 . . e . 
peer yy Coyne te ee te a wot ngs 38 


CANT EEL 


ig ied a alte ptt ade canta 39 


= 
wi 


w 
~j 


AQ-1846 0 


; 3 : Le : ' They gs f 
ae . : 
: es ap 
_ U cee re a a : 4 
e-cwlie of Mieston o refite 17 
e 
WT eat eal G ere ok ot a : : 
. (OREO HPP Os, aie Sve . 1 
. £ * 4t6 Ve Oy Nat Weer rad. , Soe ; a 
He ME TE ee RG ee Ue AL ge iokaasy 21 
; were tt Don etre Af ‘ P P 2u 
4 of Mg khad oa & a £ ; : : 2 
. i i . 
Wee ae Sy ORT ER TAO Oe og Se YG tnrjy ce 25 
weg PEE toa +e = 1 . tty oat, : 6 
Roce cae nye egy ces uae, - way Ue a es Some head ta 2 
2 : 
ire area nee oars ces 2 fp a Fe a 31 
: ‘ : ae a Tore a ery 2) OGL segs auey Peyes eps Sf elt 
eae >. Lite eecte Saat ac oe 7 ROS AL | BA, ge cn ee OY 
roe 
{ 
eA ars “ ry ’ { 
: 
i { 
{ 
d 
‘ 
1 
f 
| 
1 


L 


REY SYM 


. Best Available Copy 


j 


; POP RR Aa dettpe eee ea / 
- - a Bet 3 4 
24° UT 0, 
nena 
’ : ‘ i i> 
x pis pe Cees} 7 , ¥ 
23 a Qi : ne ae aaa Pi Se cs 8 ye 
WuC. an sicine Comparison, hffeet of srsice 
ones eae: 2 ~ “>, Sige Nase 4 ot ‘ : . Paver 
70 Be OT Ponte Due to Cee Ra Se rete aS 
i od a9 - Te 
Lecemyne 
. 
tee ye ‘ “i es * ¢ z 
eM hi eeeneyioon, bf feet of tr cine + 
foe Bf s 2? aa 7 
: Pe er ae Sek aac ec sh Cs FPR ELSE, 
~~ fo ae fer on 
" ’ « as : Cre 
ister te peruse eenne 
, } . . ay vow e 7 = vin 
’ Fa . # wile t. . = ¢ t on . “2 of 
carne ee uv Sos ghcpe eR | Speen tw 
i or a foaé . 1 Lg LY aa , - es r 
“4 - i es fond - 4 4 
ae at ea eT ar Lay ar ; ; Cusanar: 
ONG Wa ANS, BEE Ge ae e223 Courmrodr 
: PES yer ho thy, hep eh ate beers ley ne ‘ ts ‘ : 
: fa Nae a BOS og cea a tf me La er oy - 
a aah ad aye “ar yee 
ag SORE Dy 
: yee ak reyes Lee 
SEE OE NOE eee 
i. ive VW Em YG ty pte var aed ce z ey a <a gi 
. ‘ wa 2 rd e , . ' 
ae rise 
‘ 
: 


$ Best Available Copy 


_ 


PEV SYM 


“gt pene 


xt 


rc 


” 


= a : pa ar ~~ ape RRC ALCS Te 


Feaicen “teats: Mi * 


mS “a8 
aM dar fe brennan Lose REAPS SDSL oan bas FF RW! A here RAM DHE Cae sO ON ee Meee FATES Ren ES GOR AGE CEE TAY FSMCREET ae 


” 
. 
. 
a 


4 sag ttf % i rd : 
cy wy ' ae | beet xed “ op uy ' 
ca q evi , a ae we a ‘ : : a ; 
™~ 2 2 . 2 ts 5 Ae : y 
a oe se et or or. es oe me . 
hs a a wy c vet ; oO : 


a. & ao , 
a, ony om 


* ud ro 
: te, M a 
' we th wy otk me ws fy 
. Me es Pie eo 
fo cy re wt A + Pte 
a GO « a ov es 
i rae ee & 7 sr fe 
tk wie “ ce & 
; ec, a: wa > ty ae 
the oy oak gy Gog ne 2 
; es :. ey 
19 he « a ~ ‘ WT, ca 
F hy aa Ss “ € & : x ne 
Gy ed nae Gon KR sf Al 
G $206 es na oy 
« © few amd C8 my € 
i ret ct oD oO 8 Saaen 2) Sc ve a 
ae oF Oo &. woe ES ce ¢ te , A te e , o 
a ws eS ee & i Sr 7 i 
‘ meme are) tr he c soo seh aed ved : 
we eet “ Bed oy 2 sheet hy in fe : ' , 
~ Fea 8 Bo Ba Ff et ae 2 
ah OF Off Ge Se ’ & OR & ue 
Qa he $4 : oS &; ds a af’ 
ot , we O Pe he ot a uw wh es 3 ; , 
, ae ony Pane oO a : a. + be ™ e ; 
ere NO ee "gy we a? “ oh En : , : , 
SoM Oe & “t t Fed [rc rs ry 
pa a ae we ogi Peery and ; é < : 
ad te a oa p00 G EO Ex 
; Seort wr Ba Car) | te mt i” oe » ; 
OG an fe an $.. UW ia Par 03 ua Te ; 
moh Sy wy ty Su st Ly = 9 7 = a “ 
a Re © = , 


ee 


Teeley, 


sate had 


& 


siete 
Siete. 
a 


in, as 
sau 86s tr Eye 


hp fake Fue ga, 
wt 


ae 


nova 


% 
ped 
ps 


am 


- 


ae 


Reis 


Bas Re 


D 
s 

i] 
4 


Rees 
a. 


oe 


wae 


eaq as 
E2 


i 


aa 
att 


Pe 
+ RS? 


LY 


BAER LTO TE EERE ROE IE, a ra 


ak Atte, actos inl “ ee soeanatt ats stances waite eae od ‘ sah Ran “— nay 
-  AYEE we So Sep ALS ; . SNe ee: ; ‘ % Proetptoctrsecest Vale Se aiid Me es 
ASI ARCANE ae ec ONE PUN ATI NQUS SARA oa ee. slab, 
ae a te : ; 


ir rere) 


Ag 
285 =~ 


af 


cel 
ag 


SF 


a 


aatsfi 


soe 


Weg Te ano 
De. 


7 Ld 


vy 
a 
Fe 


REE. 
“3. 
See tees. 
Shen 


ef 


f 
a7 


RE 
Re 


AEE 
wer 


ri 


Rees 
# 


me 
re 
ven 


SPANO 


F 
sacha hadi 


vee ATR EARP Td 


ttl! 


¥. "hee, 


x 


we 


2 
v7 


ay Boe 


vloped 


fey 


acines 


c 


Or; 


rH 


an 


er 
ae 


bots G6 ty 


eer 


’ 


. 
, 
4 
° 
- 


Totartts 
ant does, 


HOO 


PMR a rar 


~ ee ewe ke oR ye 


ees oe ae 
24 
alae cla baked 


eaby. PP es ‘he oF 
Ses 5 es SEES dacs 


SS AOOSTEE 


ist 


BEIM Vee LE Fes SON TE 


SIS DAA ne ee 


fret cerita na aenenngemenenente are sees ne meneame te mye tat A Tm tne ereereenm amen santas an serene ery 
i 

; : 

i 

G0 SPULY GROUND RULES 

{ . a 

| Baseline Airplane : ag! 


The baseline for this stuy was the 298 passenger production 


te 


airplane deseribed in Ref, L. The “votential Pruaucti nn 


Techiwelosy” 


aerodynamic and weight improvement programs a9 
well as the reduced reserves assumed in xef. Ll were retained. 
Tne basic mission przfile is shown in Figure 1, A peenersi 


arrangement drawing of the airplane is sh-wn in Fieure 2. 


magine Sizing Criteria 
The parametric engines were initialiy sized f-r maximim range 
subiect to the followins constraints: 
2 Airvort noise = 118.5 PNdb at 1500 ft. sideline. (std. 
10 Cday (el. 2) 
FA takecff! fleld length @ 12,800 ft. (ta. «it & pay). (vet. 3 
Tes 


7 Tre | 
oe min P 3 (Sta. tay). 
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Initia: cvutee corrider ® 400 ft. cobs. av. 
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After a best angine was seinrcted f r each eycie, adaitional 


i constraints were added: 


i ~ Uomminity nolse @ . 3 Pdib at Yoo nmi., 2/0 ‘oO bs, 
etd «1a°e, : ; 
| - Community hetght 2B P4Q0 ft. 
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' Adrrort mise at 1500 ft. atdeline (Ged. -olocc: 
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2 3 ; i 
Fae ' aj ounreatrieted 
ee is = 
a b) 125 PNtb (Contract objective) 
| 
ey e} 328.5 PNdb (Boe:oz-G.8, “bjective). 
las i P : es 

es 'g ¢ - : : | 
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nae REV SYM MORIN no. boat T8-4 ) 
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el ai ar Wtesvaewte SA ASE Ds 0 IP OS hel aoa 


+ SER SE 
i ee be 
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| Acoustics data for adyport and comunity noise evaluation | 
: i for enginé sizing are given in Hef. 9. | 
ne a ‘ rene 2 
| - "> OR Effects. 
} Saat es : - 
. - bach parametric enging was substituted fr the baseline GEL /u:C | 
~ 4 oe a 4 By 
Se | suppressed -afterburning turbs Jet. Total weight and paiance 
t , wy we 
2 { < < : i 
i: : ¥ effects on the configuration due ta engine pod substitutions : 
2 oe : aa. : 
. i ie were accounted furs These included secondary OFd effects, | 
me : ~ Landing gear lensth changes for eunstant ar und clearnoce | 
- and siiding the wing on the body to maintain cnstant center 
Se" ae - : si + 
cae 4 _ of gravity Limits (sef. 10). 
e Bs - > : aay cs ee i 
[ - ae a= 
ee Uress. Anabvels 
-? = oo: : Z : j 
al .  Bétatled pud drag evaluationa were made ard formilae vere 
: t ows, | 
2 devised for specific p d shapes and sizes for each anmine ; 
f ; ie - 
_! ele. Phese pod drag fermi }ae are presented in Aprenaix b. 
oy “£ 5 se Te ' 
a ‘These f omjae were then used to auicaiate pod drags fi r | 
| 2s & ann i < a ps 
i “ sther page ofa family uf engine cycles. Jince rou drare { 
aes | 
j were -nly evaluated at M = 2./, a generalized variati n :f | 
: ae 
. | - ~ Q&€,,- with Mach number was devise to ace imt for pd 
i ™ Pye 83 { 
{ ; oe i 
grag changes throuthout the flight resins. unis variation 
j = 
i %4% apniled te the AC. at 4 = 2.7 between the vsarametric 
PCD, 
nod being studied and the JSF validation psd which was in the 
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APPENDIX 2 


Approximation to G. E. Turbofan 
In a meeting with The Boeing Company or alternate cycles, the 


General Electric Co. discussed a mixed burning turbofan that 


§ they were evaluating. From its family of parametric engines, | 
s 

ey. Boeing selected a duct Deen ne turbofan with cruise BPR = .7, 
oh 
Ee cruise R, = 1.7 and cruise Ray, = 2.0 (T5GE3) that more closely d 
*. an My 
a resembled the turbofan cycle that G.E. was evaluating. This ; 
Ri ° 

re turbofan cycle was compared against other Boeing parametric 

oe : turbofans with similar engine parameters, The results, shown in ; 


Figure 18, show that to meet 118.5 airport nolse and 108 EPY ib 
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APPENDIX 3 
HIGH BYPASS RATIC, LOW FAN RATIO AFTERBURNING TURBOFANS 


eS 

a Tais appendix presents the results of the "first-cut" -high BPR, low Rian 
ek efterburning turbofan evaluation. Figure 18 shows supersonic range performance 
= and climb thrust margin tor turbofans with cruise BPR = 2.0 aad 2.5 with cruise 
. Rp = 4,0, and for turbofans with esate BPR = 2.5 and 3.0 with cruise Rp = 5.0. 
a The cruise Rpg, for these four engines is about 1.5. ‘These data show that 

a decreasing BPR at a constant Rp increases range and that increasing Rp at 


constant BPR increases range. For comparison purposes, turbofan TF? with 


cruise BPR = },.0, Rp = 5.0, and Rrgn = 2.5 is also shown. Figure 19 shows 
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the effect of subsonic legs on mission range for the four "first-cut” turbofans, 
These dats show thet subsonic cruise performance improves by increasing ~ruise 


Rp from 4.0 to 5.0 and by decreasing cruise BPR. 


Parametric range trends showing the effect of cruise BPR and cruise Rp for 

the ductburning turbofans are shown in Figure 20. Figure <1 shows the incre- 
mental effect of cruise BPR and Rp on the climb, cruise, and reserve portions 
of the mission range. Figure 22 shows the incremental effects of cruise BPR 


and Ry on mission range because of weight and pod drag changes. Detailed mission ' 
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Pod Drag coMparss ons 
This appendix presents the formulae that were used to calculate ee 


- Grags for this parametric study. In addition, pod drag comparisons 
of the best engine of eack cycle are shown in Table A7. Pod sketches 


of these engines are shown in Figure 2h, 


The pod dreg formulae for cruise conditions at M = 2.7, altitude = 


2 
60,000 %% and S = 7700 ft are: 


Ref. 


o Afterburning Turbojet (Base Pod PPID - 108) 


Cyxid! = 0070 Ayer” C0152 (Greg Suet) # -000162.0(°(0R ~ Oh 4) + 1.6 


a 


o Dry* at (Base Pod PPID-112) 
Cyxio’ 3705 Aye ~.001505(8, > ot) +.coororz.0l (i, a4) + LO 
o Duct Burning Tarbofan (Base Pc’ PPID-105, Rev. A) 


Cexto’s COT Ayer - 001285 (8% - B14) + 00013 aCe ~ 4) 41-0 


in 


Where 
ak = External wetted area of one noi (et?) 
D = Diameter (inches) 
o = Boattail angle (degrees) 
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APPENDIX 5.0 


Engine Parameter Comparison 


This appendix presents 2 tedulation of cruise an! sea level static 


values of BPR, Rp and Roop for the engines evaluated in this study. 
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